The energy consumption of transmitting data during the process of UAVs co-execution task affects the performance of the UAV CPU and the quality of the task accomplished. In order to reduce the energy consumption of data transmission in UAV networks, this paper proposes an energy-aware target UAV selection mechanism based on optimal stopping method. First, under the premise of the maximum transmission limit time, the UAV energy consumption model of data transmission to find the optimal target UAV is established. Second, the problem of reducing the energy consumption of the model is turned into a stopping problem of finding the optimal time and optimal target UAV. Finally, combined with the target UAV selection constraints, a mechanism for selecting the optimal stopping target UAV is proposed to minimize total energy consumption. The simulation analyzes the influence of different parameters on the optimal dataenergy efficiency by comparing our proposed optimal stopping target UAV selection mechanism with other selection mechanisms. The results show that our mechanism outperforms its counterparts in energy savings and lower packet loss for the data transmission among UAVs.
I. INTRODUCTION
The Unmanned Aerial Vehicles (UAVs) have the capability of autonomous flight navigation and their broad applications [1] have played an important role to make our society more convenient. The bee colony and grouping have demonstrated improvement in the coordination and cooperation of UAVs [2] . The advantages of UAVs in the cooperative execution process are: a) improving the rate of mission completion; b) increasing information perception; However, the average lifetime of the UAVs using lithium batteries is roughly half an hour [3] . In this context, the weight, battery, flight status, and environment could restrict the efficiency of the cooperative execution of the UAV groups. Although han et al. [4] - [7] proposed charging and security algorithm in wireless sensor networks, there are still many problems in high-speed mobile UAV networks. Therefore, under the premise of limited energy supply, reducing the energy consumption of UAV networks when completing data transmission tasks, becomes authors propose scalable inter-domain multicast in wireless community networks which improve improved communication efficiency. In [9] , authors propose a heuristic algorithm for mission planning in FANETs. This ensures that all target points are accessed in the shortest time with the consistent network connection to improve efficiency.
In some other related studies, the focus is on path planning, relay selection or combination of both to reduce the energy consumption. The idea is to find out the shortest path or the most suitable relay node in the UAV cluster to avoid energy wastage. Zhao et al. [15] , Alsamhi et al. [16] propose a new efficient cross-layer relay node selection model for Wireless Community Mesh Networks. Zhou et al. [17] proposed a twostage access control and resource allocation algorithm. In first stage a contract-based incentive mechanism was proposed to motivate some fault-tolerant machine-type communication equipment to delay access requirements in exchange for higher access opportunities and a long-term cross-layer online resource allocation method based on Lyapunov optimization in the second stage is proposed to jointly optimize rate control, power allocation and channel selection without knowing the channel state in advance. In [18] , Wu et al. proposed an algorithm to reduce the communication radius of the UAV group which aimed at achieving UAV security. This results in the maximization of energy efficiency. Authors also consider the location and mobile deployment optimization problem of UAVs together to accomplish tasks under the premise of restricted speed and energy constraints [19] . The relay selection in [20] , makes use of a mobile prediction cluster routing algorithm, which selects the node with the highest connectivity as the cluster head. This reduces the changes between the cluster head and inter-cluster members. It retains the transmission efficiency of the traffic routing mechanism and introduces a storage and forwarding mechanism during packet forwarding, which improves the network performance while consuming less energy. However, the performance of this algorithm in discrete clusters is not discussed. The combination of path planning and relay selection is used in [21] , it proposes a mobile strategy based on the maximum change of the transmission rate gradient for the energy optimization of the micro-UAV in wireless adhoc networks. It allows transmission of a large amount of data together with less energy consumption in unified data. However, it only considers the energy consumption of a single relay node. In [22] , the mobile relay system for information transmission of highly mobile UAV is studied. UAV uses energy-efficient circular trajectory and time-division duplexing based on the decode-and-forward relay, to optimize UAV relay time allocation and its flight speed and trajectory jointly, where this work maximizes the efficiency of the spectrum and system energy.
With analyzing the existing research on UAV network technology for reducing energy consumption, many complex impact factors are found. When evaluating the performance of data transmission, the evaluation index is mainly to minimize the total energy consumption and packet loss rate and maximize efficiency. However, none of the above studies takes into account such a problem that selecting different target unmanned aerial vehicles will produce different data transmission performance. Therefore, this paper proposes the selection target UAV algorithm in the UAV network with limited time. Hence, this paper proposes a new mechanism to select the optimal time and the optimal target UAV using the optimal stopping theory [23] , [24] , to reduce the energy consumption of sending data.
In particular, this work adopts the optimal stopping theory which is originally used in mathematics and finance. The core idea of the optimal stopping theory is a mathematical theory on when to stop can make the most benefit for the decision makers. By observing the results of a series of sequential random variables, the decision maker chooses the best stopping moment to obtain the optimal expected compensation. Since the energy consumption of data transmission in UAV networks has a time-varying characteristic, which is consistent with the process of obtaining continuous random variables in the optimal stopping theory. In recent years, the optimal stopping theory is studied to provide a better solution for the optimization of wireless communication [25] . According to the characteristics of time-varying wireless channel quality, and the characteristics which distributed opportunistic scheduling improves the energy utilization of network equipment and network performance, the author proposes a strategy for data transmission energy optimization based on optimal stopping theory. For the performance optimization of the virtual machine migration process in mobile cloud computing, [26] also applies the optimal stopping theory to find the optimal transmission rate, thereby reducing the total amount of data migrated and the total time in the virtual machine migration process. According to the above, the energy consumption problem of UAVs data transmission can be converted into an optimal stop problem within a limited time range. The main contributions of this paper are as follows.
• Based on the constraints of limited time for maximum transmission, an energy consumption model for UAVs data transmission is established. This is then converted into the optimal stopping problem to find the optimal data-energy efficiency.
• In order to reduce the energy consumption of data transmission, the optimal stopping based target UAV selection mechanism is proposed.
• By analyzing the impacts on the time limit of different maximum transmission, safety communication radius and arrival time interval parameters of target UAV on the optimal data-energy efficiency are given. In the rest of this paper, we examine the optimal stopping theory. Section II outlines the establishment of an energy consumption model and the problem description. We present the selection mechanism of a target UAV which is based on optimal stopping theory in Section III. Section IV provides the feasibility and verification of the proposal with simulation results. Section V concludes our work. 
II. ESTABLISHMENT OF AN ENERGY CONSUMPTION MODEL AND PROBLEM DESCRIPTION A. ESTABLISH ENERGY CONSUMPTION MODEL
Several UAVs are primarily responsible for collecting and caching information while executing tasks, called source UAV. At a distance from the source UAV (i.e. the UAV sending data messages) is an Air Information Receiving Station (AIRS), where they cannot directly communicate with each other. At the same time, several UAVs join the network in succession, called target UAV. They are mainly responsible for the forwarding of information. The data transmission model of the UAV network is shown in Figure 1 . In this figure, UAV1 is the source UAV where is the target UAV. From the figure, we can see AIRS is far away from the UAVs. AIRS is far away from the UAVs. In this case, AIRS needs to complete the update of information at regular intervals; that is, the information collected by the source UAV must be brought back during the intervals. In this study, the beginning of the entire process of data transmission is that the source UAV collects information. The source UAV then sends the data messages to the AIRS and keeps repeating.
When the source UAV is moving at a slow speed during the collection of information, it is assumed in the waiting state in the study. The target UAV then transmits data message from the source UAV to the AIRS at a constant speed. However, whether the UAV is waiting or the flight state, inevitably, energy consumption must be considered. Therefore, in this paper, we mainly concern how to efficient choosing the optimal time and target UAV in a limited time, and transmit the data generated by the source UAV to the AIRS with the minimum energy consumption.
In UAV networks, we have the source UAV set S = {1, 2, . . . , s, . . . , S}, N = {1, 2, . . . , n, . . . , N }. As shown in Figure 2 , we assume all UAVs are with the same maximum communication radius of l max . The distance from the source UAV to the AIRS is L s (L s l max , s∈ S ). In the whole process, T 0 = 0s as the start time. The joined instant of n-th UAV is T n s. Hence, the time interval between each two UAV is expressed as X n = T n -T n−1 . Huang et al. [27] proposed the X n as independent and follow the exponential distribution with the parameter µ, where X n is expectation is E(X n ) = µ. At the source UAV, the data message being transmitted is generated at a constant rate of r bits/s, stored in the source UAV cache, and is waiting for sending. As long as a new target UAV joins in the network, each source UAV estimates and selects the existing target UAV in the network. The source UAV has two options: (a) selecting the appropriate target UAV within the current detectable range; (b) abandoning the current time, and continuing with the next probe and make a new selection.
In this paper, the update time interval of the AIRS is the Maximum Transmission Limit Time (MTLT) Ds. The MTLT mainly includes two types:
(a) The wait time T n represents that target UAV which satisfies the conditions corresponding to the waiting time of the source UAV is found when the n-th UAV is added. That is the time when the source UAV stops at the current moment. It means that giving up the choice the 1, 2, . . . , n-1 UAV after the n-th UAV is added. At this time, the joining time of the n-th target UAV is the waiting time of source UAV.
The transmission time G i n indicates the time it takes for the n-th UAV transmits data to AIRS at i-th probe. In this case, we need to satisfy D > T n + G n . If the condition is satisfied, it indicates that the data to be transmitted generated by the source UAV can be successfully transmitted to the AIRS within Ds. However, in practice, the detection time of the source UAV is too long, or the speed of transmission is too slow, or the sum of them exceeds the limit of the MTLT D, the data cannot be completely transmitted. Therefore, if the data cannot be transmitted entirely and is lost, the discarded data A n can be defined as,
When D > T n + G n , the condition of MTLT is satisfied, all data to be transmitted will be wholly sent. When D < G n or D < T n , it indicates that the time of sending data from the target UAV to the AIRS exceeds the MTLT. So, all data message to be transmitted will be discarded. When G n < D < T n + G n , since the n − th UAV should spend at least G n to transmit data, the amount of data that can be transmitted is
If the data message collected by the source UAV is in the wait time of T n , the power consumed of the wait time (if the motor power is taken into consideration) is P hov W where [28] and the energy consumption of the waiting time is E hov = ω 0 P hov T n , where ω 0 is weights. To transmit the data message, a connection should be established before hands. If the time taken to establish a communication connection is k, and the power consumption is P 0 , the energy consumption for establishing a communication connection can be expressed as E ml = ω 0 p o k. At the same time, the data to be transmitted generated at the source UAV is rT n , which is sent to the target UAV at a constant rate of R.
Both the transmitted power and the connected power are under the condition of P 0 unit time. If the MTLT is strictly met, the data will be completely transmitted. At this time, the energy consumption of transmitting data from the source UAV to the target UAV can be expressed as E comp = ω 0 P o rT n /R. If the condition of MTLT cannot strictly be met, a certain amount of data will be discarded when G n < D < T n + G n . The discarded data will cause losses to the entire UAV network. Here we define the cost of unit loss data is B (W/bits). Thus, the energy consumption E part produced from source UAV transmits data to the target UAV contains two parts, (a) the energy consumption of data successfully transmitted E thr , and (b) the energy consumption of data lost E dis . They can be expressed as follows.
When D < G n or D < T n , all data to be transmitted will be discarded. This is no longer considered in this paper.
Each target UAV has different speeds and moves at a constant speed of V n randomly in the area. If we select the n-th target UAV at i-th probe to transmit data, the transmission time is expressed as G i n = D i n /V n . Here G i n denotes the distance from the n-th UAV at i-th probe to the AIRS; V n indicates the speed of the n-th UAV; for V n ∈ [V min , V max ]; V min and V max represent the minimum speed and maximum speed, respectively. The speeds of the UAVs are independent and identically distributed; the cumulative distribution function of the transmission time can be expressed as,
where the flying power consumption of each UAV during the unit time is P n , the energy consumption of the n-th target UAV transmitting data to AIRS can be expressed as E trsp = ω n P n D i n /V n where ω n is the flying weight of different target UAVs.
In summary, the total energy consumption of a source UAV to select the target UAV i-th probe for sending data to AIRS can be divided into two situations.
(a)
The total energy consumption of completing transmission of data for all source UAVs in UAV networks is defined as,
The optimal stopping theory is a mathematical theory which studies the right time to stop making the most benefit for the decision makers. After obtaining a sequence of continuous random variables, the decision maker chooses the best stopping time to obtain the optimal expected compensation. In this paper, the transmission of a data message is from the source UAV to target UAV. The positions and speeds of the target UAV are all random. Different target UAVs can consume different levels of data transmission energy at times. Due to the randomness, the target UAV detected by the source UAV at each time can be regarded as a random variable. We intend to select the best variable from all random variables, that is, select the most suitable target UAV to transmit data message. The energy consumption value generated by selecting different target UAVs in a UAV network has a time-varying characteristic, which is consistent with the process of obtaining a continuous random variable in an optimal stopping theory. Combined with the MTLT D set in Section II (A), the problem of reducing the energy consumption of transmission data by selecting optimal target UAV for UAV networks can be transformed into an optimal stopping selection problem within a limited time range.
In the optimal stopping theory, according to the observed random variable (x 1 , x 2 , . . . , x n ), corresponding results (y 1 , y 2 , . . . , y n ) can be obtained. In UAV networks, the total energy consumption of the n-th UAV i-th detected by a source UAV is the function of the random variable
n denotes the position of the i-th probe of n-th UAV, expressed as
We also define this event as θ i n , expressed as
The definition is a set of all events and θ i n ∈ . The optimal stopping theory is applied to minimize the cost function or maximize the reward function. We use the stopping rules and choose the optimal moment to take action. In the UAV networks, it is required that all accumulated data be transmitted within the time D. Therefore, the set of stopping time for optimal stopping problem is defined as:
The data-energy efficiency of the n-th target UAV at i-th probe is defined as,
According to the Law of Large Numbers, the equation (10) 
For each ξ , there is a minimum ξ * and its corresponding optimal stop time I * . Thus, our goal is to formulate the appropriate stopping rules to find the optimal stopping time I * and obtain the target UAV with the optimal data-energy efficiency ξ * .
III. TARGET UAV SELECTION MECHANISM BASED ON OPTIMAL STOPPING
The data transmission is completed by finding the optimal time and target in the UAV network. According to the established energy model of UAVs data transmission in the previous section, we set the selection constraints of target UAV, propose the target UAV selection mechanism based on optimal stopping to reduce the energy consumption of data transmission. Finally, a complete algorithm of the target UAV selection based on optimal stopping is formed.
A. SELECT CONSTRAINTS
According to the flight environment and state of UAV, the security and stability of data transmission are improved, and the efficiency of UAV network is improved. The selection of the optimal target UAV needs to satisfy the following constraints simultaneously.
1) THE MAXIMUM TRANSMISSION LIMIT TIME D
Because AIRS has update time, the data collected by the source drone during the task need to be delivered to AIRS within the ARIS update interval, which is also the maximum delivery time.
2) SAFETY COMMUNICATION RADIUS
When the maximum communication is near radius l max of the UAV, the target UAV regularly flies at a constant speed. During a certain period of time, it may not always be within the communication range with other nodes, which may lead to signal instability in the communication process. The instability will directly affect the interaction of data. When it is dangerous, it will directly result in the loss and leakage of data. The Safety Communication Radius (SCR) is set as 70% of l max in this paper, which ensures the safety of data transmission during continuous flight.
3) SIGNAL-TO-NOISE RATIO OF LINKS
Signal to Interference and Noise Ratio (SINR) is one of the most commonly used performance indicators for verifying communication quality in wireless communication channels. Data transmission is affected by many interference factors in multi-UAV networks [29] . In this paper, when considering the data transmission power of the source UAV, the relationship between the transmission power and the communication range is also studied. The model [30] , [31] defined as,
where d is the communication radius l of the UAV; d 0 represents the far-field reference distance; P r represents the received power; P t represents the transmission power; K represents the constant coefficient determined by the antenna characteristics; γ represents the path loss constant. From equation (13) , it can be observed that the communication radius of the node is related to the transmission power. Also, in order to obtain higher quality wireless signals, UAV links should satisfy the following signal-to-noise ratio when transmitting data is defined as,
where g ij represents the channel power gain from node j to node i; ρ denotes the interference reduction factor, and n is the noise power. According to the equation (13) and (14), it can be seen that the SINR is influenced by multiple variables such as transmit power, received power, noise power, channel gain, distance, and path loss. In wireless communication, a higher SINR indicates better signal quality. Therefore, increasing or SINR is one of the means to improve the communication quality.
4) PREVENT COLLISION CONSTRAINTS
Since a UAV has to avoid the collision in the process of movement, the collision constraint c ij can be described as,
where d min is the minimum safety distance between UAVs groups; p i (k) and p j (k) represent the positions of the UAV i and the UAV j, respectively.
B. OPTIMAL STOP TARGET SELECTION(OSTS) MECHANISM
Whenever a target UAV (i.e. a potential receiver) joins the network, the source UAV will detect all target UAVs in the current range and perform performance evaluation on each target UAV that satisfied the conditions. After each probe, it can quickly get the performance of each UAV at the current detection moment, and rank it with the best performance of the previous detection moment. However, at the current detection, the following three information must be known when selecting the optimal target UAV stopping time, (1) optimal performance at all times. (2) performance ranking of each UAV at the next moment. (3) the probability of the lowest ranking. Therefore, it is not only necessary to compare with the previous moment, but it also predicts the state and performance of each target UAV at the next moment. However, the flight path of UAV is random. The state and performance of the UAVs in the next network cannot be accurately obtained at the current detection moment. For the target UAVs in the network, the status and performance of the next moment are estimated based on the position and speed of each UAV at the previous moment. For the target UAV that newly joined in, we use the method of probability prediction.
If the i-th probe is performed currently, the probability of the (i + 1)-th UAV join target UAV and the probability that it is selected by optimization is,
There are two stopping factors, data-energy efficiency and total energy consumption, where data-energy efficiency is our consideration in the first priority. If the i-th probe is performed, it indicates that the previous 1, 2, . . ., i-1 times did not make a choice. The data consumption efficiency and total energy consumption of (i+1)-th are expressed as
n |F i n ], where F i n represents the information of the n-th UAV before the i-th times.
Thus, when the MTLT condition of D > T n + G n is satisfied, the optimal stopping mechanism at the i-th has to satisfy the following conditions simultaneously. (a) The UAV is the target UAV with the lowest data-energy efficiency and the total energy consumption of all target UAVs detected at the i-th time, i.e. min ξ i j and min Y i j , where j ∈ N . (b) The dataenergy efficiency (DEE) and total energy consumption (TEC) of the target UAV j are ranked first in the current i-th probe. (c) The data-energy efficiency and total energy consumption of the target UAV j are less than or equal to the expected minimum data-energy efficiency and total energy consumption of (i + 1)-th is defined as,
If there is only one target UAV (e.g. in the first detection), this situation was not taken into consideration. When the source UAV is last explored, it is not compared with the expected value at the next moment. This is the reason that only conditions of (a) and (b) should be satisfied at the same time. If the condition that satisfies the above condition cannot be found under the delay condition (D > T n + G n ), then a timeout occurs. At this point, the detection is immediately stopped, where we will select the UAV with minimum dataenergy efficiency and total energy consumption as target UAV in this case which is defined as,
C. THE STEPS OF OPTIMAL STOPPING TARGET SELECTION ALGORITHM
Algorithm 1 shows the pseudocode of the optimal stopping target UAV. In line 1-3, all UAVs satisfied the target selection constraints are found when a source UAV detects i-th time.
Then we place them in the set i sat ( i sat ∈ N ). If the set i sat is empty, we then execute line 18-19 which means that performing the (i + 1)-th probe. In line 4-6, the DEE and TEC of each target UAV is calculated in the set i sat to find the target UAV j (j ∈ i sat ∈ N ) with the lowest DEE and TEC in the set where it ranks first in a queue increasing when i-th detection. If it does not exist, the algorithm then executes line 14-15, we perform the (i + 1)-th probe. Otherwise, it continues to run the line 7-8 to predict the expectation of DEE and TEC for all target UAVs (i + 1)-th in the next network, which finds minimum dataenergy efficiency expectations and total energy consumption expectations. In line 9-10, the data-energy efficiency and total energy consumption obtained in line 5 are compared with the predicted minimum expected data-energy efficiency and total energy consumption (line 8). If the conditions are satisfied (Eq. 17 and 18), the optimal target UAV j is the selected Predict DEE and TEC of (i + 1)-th 8: Find the predict min DEE and TEC 9: if satify equation 16-17 then 10:
else 12 :
end if 14: else 15 :
end if 17: end for 18: else if satisfy MTLT and does not satisfy select constraints then 19 :
end if 23 : end for target UAV, and the moment i is the stop moment. If the condition is not satisfied, then we execute line 11-12, which performs the (i+1)-th probe. Once we find that the maximum transmission limit time is exceeded (line [20] [21] , the probe will be stopped immediately. Finally, the selection condition of target UAV is j = min {ξ i n , Y i n , T n + G i n > D}.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
In this paper, the experimental simulations are implemented by using MATLAB. Firstly, the relationship between the three parameters of MTLT and SCR and the time interval parameters of the target UAV and the optimal data energy efficiency is studied and analyzed. Secondly, the proposed optimal stopping target selection mechanism is compared with its counterparts. We analyze the results of average energy consumption, average packet loss rate, and average sorting value under different parameters. The setup of the experimental simulation is shown in Table 1 . Under the condition of the MTLT, the data message generated by the multiple source UAVs is successfully forwarded to the AIRS with the minimum energy consumption by selecting the optimal target UAV. We set the start of data generating as the starting time, the moment that all data transfer completed as the ending time. The proposed algorithm completes a round of data transmission by coordinating the study of UAV energy consumption. 
A. ALGORITHM ANALYSIS 1) TARGET UAV DISTRIBUTION
It is proposed that the arrival of the target UAV should follow the exponential distribution in this paper, which can simulate the appearance of the repeater UAV due to its memory-free, independent and uniform characteristics. As shown in Figure 3 , the arrival time of the target UAV is represented by the vertical coordinate and the sorties of the UAV is represented by the horizontal coordinate where triangle represents the target UAV, and the blue curve is the curve obtained by exponential regression. This exponential regression curve has the same trend as the triangle, so it satisfies the exponential distribution, and it is easy to figure out that this is an exponential distribution with a mean of 4.
2) PACKET LOSS RATE
It is important in this system that packet loss rate. The reason is that if in this system the packet loss rate is high, some information which is important cannot reach target UAV in time which leads to the insecurity of the system. The reliable transmission of data is an important factor for network performance evaluation. The algorithm proposed in this paper is a network transmission model based on optimal stopping strategy. As shown in Figure 4 , with the increasing of MTLT, the packet loss rate decreases. The reason for this is that as MTLT increased, the relationship between G n + T n and D satisfies D > G n + T n . The longer update time of AIRS resulted in sufficient time for source UAV to transmit data, which led to a decrease in the loss rate. As shown in Figure 5 , with the increase of SCR, the packet loss rate decreases. The reason for this is that as SCR increased, the source UAV can scan more target UAVs. In this way, more suitable target UAV can be found, thus reducing packet loss. In Figure 6 , we can see that with the increase of the parament of the time interval of the target UAV, the rate of packet loss decreases. This is the reason is that the time interval is shorter, and the system will choose target UAV which is suitable for transmitting information.
3) RANKING IN ALGORITHM
It is an important factor that ranking in this experiment because ranking directly determines the quality of choosing target UAV where the higher the ranking, the better the quality of the target UAVs.
In Figure 7 , we can see that MTLT is positively correlated with ranking because the longer the MTLT, the more time it takes to send data. There will also be more time to choose a Target UAV so the ranking will be better. Similarly, in Figure 8 , a wide communication radius can provide more options for target UAV. As shown in Figure 9 , we can see that the increased parameter of interval time between Target UAVs. This will result in a reduction of the arrival time interval of target UAV which will speed up target selection for UAVs. This will improve ranking.
B. EFFECT OF DIFFERENT PARAMETERS ON OPTIMAL DATA-ENERGY EFFICIENCY
It is studied that the effect of setting different parameters on the Optimal Data-Energy Efficiency (ODEE) from the aspects of three different parameters in this paper which are the maximum transmission limit time of D, the safety communication radius SCR, and the target UAV arrival time interval parameter µ, respectively.
1) THE EFFECT OF THE MAXIMUM TRANSMISSION LIMIT TIME
The maximum transfer time (T max ) is set at 240s-480s. The optimal data-energy efficiency for different maximum transmission time limits is shown in Figure 10 . The results show the optimal data-energy efficiency increases gently with the increase of the maximum transmission limit time. This means that extending the data update time of the air information receiving station will increase the value of optimal data-energy efficiency. The cause of this phenomenon is that because when the value of D is small, the relationship between D and G n < T n + G n satisfies D < T n + G n which will lead to a packet loss rate of rising. Thus, the rise of E dis is caused and the energy efficiency is low finally. When the value of the D is larger, the relationship between D and T n + G n satisfies D > T n + G n . In this case, the data can be complete to send which can be guaranteed low packet loss rate, so E dis declined and finally the result is high power efficiency.
2) THE EFFECT OF SAFETY COMMUNICATION RADIUS
The safety communication radius (R max ) is set as 650m∼850m in our simulations. The values of optimal dataenergy efficiency for different security communication radius are shown in Figure 11 . The optimal data-energy efficiency decreases with the security communication radius increases. The cause of this situation is that:(1) When the value of safety communication radius is small, the number of matching constraints for the target UAV and the optimal stopping target selection mechanism is relatively reduced within each detected the safety radius. It is easy to cause too long waiting time and increase optimal data-energy efficiency. On the contrary, it is easier to select the target UAV with the best data-energy efficiency. (2) Because of the increase in the safety radius, the values of T n + G n will increase. According to equation r(T n + G n ), the data to be transmitted generated by the source UAV will also increase correspondingly. This will lead to the change of the relationship between D and T n +G n , which will lead to an increase in transmission power. This series of changes will lead to an increase of E dis and eventually the decrease of ξ i j .
FIGURE 11.
The relationship between SCR and ODEE.
3) THE EFFECT OF INTERVAL PARAMETERS
In the experiment, the interval parameter (µ) added by the target UAV is 0.15∼0.35. The relationship between time interval parameters and ODEE is shown in Figure 12 . The optimal data-energy efficiency is increased with the time interval parameter. Here a larger time interval parameter leads to a smaller value of time interval for the target UAV to join. At the time, the data message generated by the source UAV is relatively small. However, a higher transmission of energy consumption could lead to an increase in optimal data-energy efficiency.
C. THE PERFORMANCE COMPARISON AND ANALYSIS OF DIFFERENT SELECTION MECHANISMS
In this subsection, the proposed optimal stopping target selection (OSTS) mechanism is evaluated. Besides, we compare OSTS with the optimal transmission strategy based on the Secretary Problem (OTSSP). We then analyze the results in terms of different performance parameters including average energy consumption, average packet loss rate, and the average ranking of the two mechanisms. The main idea of the OTSSP is that the source UAV firstly obtains the optimal data-energy efficiency within 37% of the MTLT Dm. Then, it detects the current data-energy efficiency continuously within 63% of the remaining MTLT Dm. If the current dataenergy efficiency is less than ξ , , the data is transmitted. Otherwise, the source UAV continues to probe. The two data transfer mechanisms are compared from three aspects as following.
1) THE AVERAGE ENERGY CONSUMPTION
The average energy consumption shows the energy consumed by the UAV at all source UAVs to complete data transmission, including the stage of data message detection and transmitting air information receiving station. Through experiments, it can be found that when multi-source UAVs jointly select the target UAV, there may be a situation that the same target UAV is selected to send data at different moments. At this point, the energy consumption of the transmission can be reduced dramatically as it reduces the energy consumption of data transmission from all source UAVs. As shown in Figure 13 , the proposed OSTS is significantly lower than the OTSSP in terms of Average Energy Consumption (AEC) which presents a long time can lead to more energy-saving. Although OTSSP also selects the transmission time from the perspective of saving energy, it only performs detection within 37% of MTLT D and does not send data, increasing the average energy consumption value. Figure 14 adopts different SCR. With the same parameters, OSTS has a smaller average energy consumption value than OTSSP. When different parameters of time interval are used, the situation that the variation of the average energy consumption value generated by the two mechanisms with the change of cycle number is shown in Figure 15 . As long as the OSTS finds that the conditions satisfy the mechanism selection conditions set in the paper, the target UAV is immediately selected and start to send data, rather than having to wait until a specific moment. When the parameters of time interval are the same, OSTS can easily obtain a smaller average energy consumption value than OTSSP.
2) THE AVERAGE PACKET LOSS RATE
The average packet loss rate is the ratio of the discarded data and the total sent data when multiple source UAVs collaborate in data transmission. The average packet loss rates of different mechanisms corresponding to different MTLT are shown in Table 2 , where the increment of the MTLT is shortened. OTSSP requires long waiting time when the data energy efficiency value meeting the requirements is found. In this context, there will be a large probability that the data cannot be transmitted to the air information receiving station. Hence, the average packet loss rate will increase. As shown in Table 3 , the average packet loss rates of both mechanisms corresponding to different security communication radii decrease as security communication radius increase. Both mechanisms are affected by the communication radius to a similar degree. As shown in Table 4 , the average packet loss rates for both mechanisms regarding different time interval parameter of target UAV increases, which means that the targets UAV time of arrival is more intensive. It is easier for OSTS to select the target UAV that satisfies the conditions earlier, and the possibility of packet loss rate is significantly reduced.
3) THE AVERAGE RANKING
The mean of the average ranking reflects the ranking of data energy consumption efficiency of the selected target UAV among all target UAV which satisfies the projection term. In the experiment which uses random initial data and uncertain scenarios satisfied the MTLT, there may be multiple target UAV that satisfies the projection term. The value of the average ranking can be used to determine the performance of the target UAV selected. The average ranking is inversely proportional to the performance of the selected UAV and directly proportional to the energy consumption of data transmission.
The average rankings of different MTLT in two mechanisms are shown in Table 5 . As shown in Table 5 , the optimal average ranking obtained by OSTS increases slowly with the MTLT increases and OTSSP increases more obviously. The result is explained that a larger MTLT is not easy to obtain a better target UAV. The average rankings of different SCR in two mechanisms are shown in Table 6 . The average ranking of both mechanisms increases significantly as the radius of secure communications increases. The possibility of choice in the region increases with the increase of SCR. It is not easy to choose the target UAV with optimal energy consumption. However, the packet loss rate is relatively small at this time. Therefore, there is a trade-off between the decrease in the packet loss rate and the decrease in the average ranking. The average rankings of different time interval parameters in two mechanisms are shown in Table 7 . The average ranking obtained by both mechanisms increases as time interval parameters is enlarged. It is shown that the denser the target UAV joins, the higher the energy consumption value of data transmission is consumed. Therefore, it is not easy to obtain a better target UAV with a smaller average ranking.
V. CONCLUSION
The limited energy supply of UAV seriously affects the efficiency and stability of the UAV coordinated missions. Therefore, it is a critical issue that reducing the energy consumption of the entire network when the UAV cooperates to complete data transmission. A data transmission energy consumption model is established based on the maximum transmission time limit, which guarantees the integrity of the data transmission. The proposed energy consumption model then is applied to the optimal stop problem of data transmission. When the target UAV dynamically joins to the network, based on the premise of safety distance, signal-to-noise ratio, and other constraints, source UAV filters all target UAVs in the network. In order to find the optimal stopping target UAV, we intend to minimize the data-energy efficiency and the total energy consumption. This paper compares the data-energy efficiency and the total energy consumption of the current detection time, the detected time, and the predicted detection time. In the simulations, the influence of different parameters on the optimal data-energy efficiency was analyzed, and compared with the optimal transmission strategy based on the secretary problem. In this paper, the superiority of the mechanism presented is proved from the average energy consumption value, the average packet loss rate, and the average ranking.
In particular, this paper considers whether the data generated by the source UAV can be successfully transmitted to the AIRS within the MTLT. There will be no limitation for transmitting to the AIRS and any other receivers. In our future research, we will focus on improving stability and safety, in order to reduce the energy consumption efficiency of data and packet loss rate.
